This paper is a theoretical and empirical investigation into the impact of the structural adjustment programme on forest loss in Ghana between the period 1965-95. A dynamic optimal control problem approach is used to derive a recursive model consisting of forest loss, cocoa land, maize land and timber production equations. The first equation being a function of the last three, whilst the last three are functions of mainly prices. A piecewise regression approach is used to distinguish between the influence of the post from the pre-adjustment impacts. The overall results show that the post-adjustment period has had a reduced impact on the rate of forest loss. Specifically, cocoa land and more importantly timber production, but not maize land, are the significant proximate factors in forest loss in Ghana. There is a significant difference in the impacts in the pre and post-adjustment periods. For cocoa land, there is a positive influence of land expansion on forest loss in the pre-adjustment period. In the post-adjustment period, a one percent increase in land expansion led to about 0.2% fall in the rate of forest lost. For timber production a one percent increase led to about 0.2% increase and a fall of about 2.4% in the rate of forest lost in the pre and post-adjustment period respectively. The negative impact of timber in the post-adjustment period was however not very significant. The role of the structural adjustment programme on forest loss indirectly through prices is not, however, a straightforward one.
Introduction
A number of recent studies have analysed the relative importance of various economic activities including timber extraction and agriculture expansion in causing tropical deforestation (see Barbier et al 1991; Brown and Pearce, 1994; Kaimowitz and Angelsen, 1997 for a review). Some have incorporated either timber extraction or agriculture expansion in their analyses whilst others have attempted to include both factors in their studies. Some studies have further looked into how various policy changes through their impacts on demand and supply for these two commodities, by the specific incentives of prices they influence, have tended to further aggravate the problem of deforestation in the tropics. This paper, following the latter studies, is a theoretical and empirical investigation into the impacts of the Structural Adjustment Programme (SAP) on deforestation in Ghana between the period 1965-95. Food and cash crop production and timber extraction have been identified as the main proximate causes of forest loss in Ghana. The expected net benefits from these proximate causes of forest loss are in turn influenced by underlying factors, such as input and output prices. Macroeconomic policies, such as those undertaken under the SAP introduced in Ghana in April 1983 (ISSER, 1992 , which include fiscal, monetary and trade and exchange rate policies, work through these underlying causes and other sector-specific policies to either mitigate or aggravate the influence of agriculture and timber extraction on deforestation (Barbier et al 1994) .
In the light of this, two main hypotheses are tested;
1.
Expansion of the land cultivated for cocoa (the proxy for cash crops) and maize (the proxy for food crops), and greater timber extraction, have been the proximate causes of deforestation in Ghana in recent decades. Thus, prices and other economic factors determining the expansion of these activities are the underlying causes of deforestation;
2.
By affecting the prices and economic factors determining the expansion of cocoa and maize land, as well as timber production, the introduction of structural adjustment policies in Ghana in the early 1980s may have also influenced deforestation significantly.
In examining these hypotheses, the paper develops a model based on a dynamic optimal control problem of a renewable resource. The model assumes three sectors; cocoa, maize and timber extraction, with the land demanded by each sector influencing the conversion of tropical forest land. The analysis is used to derive a recursive model consisting of forest loss, cocoa land, maize land and timber production equations as a function of sectoral input and output prices and other factors.
The hypothesised relationship between deforestation in Ghana and it's proximate and underlying causes is examined through estimating the recursive model for the 1965-95 period. The possible influence of the structural adjustment programme on these relationships is analysed through employing a piecewise regression to distinguish the influence of the post from the pre-adjustment period.
The rest of the paper is organised as follows: Below is a brief discussion of Ghana's timber and agricultural sectors; In section three the theoretical analysis is developed whilst the discussions of the empirical analysis are done in section four. In section five the expected impacts of prices 2 on forest loss are examined. A summary of the main results and some policy implications are found in the concluding section six.
Forest loss, timber extraction and agriculture
Forest loss in Ghana has been so extensive and rapid that it is becoming increasingly difficult to get precise figures for the country's present forest cover and rates of deforestation. The forest reserves now contain most of the country's remaining tropical moist forest, most of which exist in isolated fragments. Repetto (1988) estimated the annual rate of deforestation during the period 1981-85 to be 1.3%. The same figure was estimated by the FAO (1997) for the period 1990-95. Other estimates, however, are as high as 2 per cent per year (Keeling, 1991) .
Forest loss in Ghana has been caused by the interaction of different factors: social, cultural, political and economic. The main proximate (direct) causes of forest loss, include fire, mining, quarrying, plantation strategy, but more importantly logging and farming (ITTO, 1993) .
Studies show that 'salvage felling' which allowed unlimited felling of the largest or 'over mature' trees and the 'creaming' of high value species in the 1970s took a devastating toll on total forest cover and quality. This has been exacerbated by high levels of waste in timber extraction estimated to be as high as 50 per cent (Nash, 1990; Chachu, 1989) . Logging also makes the forest more susceptible to fire (Hawthorne, 1989) , and accessible to farmers (Martin, 1991) . Moreover, commercially exploited areas have been repeatedly re-logged instead of being allowed to recover.
Low timber royalties and subsidized costs of extraction in the pre-adjustment period may have been an incentive for increased logging. In the structural adjustment period, macroeconomic policies leading to devalued exchange rates increased the domestic returns from logging and therefore may have also increased the incentive for indiscriminate and destructive for logging. Policies that raised the costs of logging, such as imposing higher royalties may help reduce logging (Richards, 1995) .
Agriculture is the largest and most important sector in Ghana (ISSER, 1992 and 1996) . It employs about 60 per cent of the population, with land and the forest as the main input in production. About 13.6 million hectares (ha), representing 57 per cent of the country's land area, are classified as suitable for agricultural purposes, of which about one-third was cultivated in 1990. Thus there is not yet a shortage of available land for agricultural production in Ghana (Ministry of Agriculture, 1991) . The main problem is the opening up and conversion of marginal forested lands for cultivating some crops. Expansion of agricultural land is expected to proceed at a rate of 2.5 per cent annually. The increase in land area is expected to be the driving force of the production of tree crops, such as cocoa, and food crops, such as maize, until an appropriate enabling environment has been established to promote intensification of production (Ministry of Agriculture, 1991) . The productivity of land and labour in agriculture is very low due largely to the extensive use of traditional technology and methods of cultivation. Shifting cultivation and bushfallows have remained the dominant systems for natural restoration of soil fertility. Many of the fields are prepared by slashing and burning the vegetation in-situ (zero-tillage) destroying the forest in its wake.
Under the Structural Adjustment Programme, improved prices for cocoa and maize and improved credit facilities have been an incentive to expand production (ISSER, 1992) . The removal of subsidies on inputs like insecticides, and ammonium sulphates discourages the use of these inputs and therefore may have increased the use of land in agricultural production. These two policies point to a higher incentive to use more land, and therefore forest land, in production. It is however, possible that this may not be the case. This is because the increased crop prices, together with the availability of agricultural inputs and high yielding seeds may induce an increased substitution of these inputs for land. The pressure on land and therefore forest land may fall.
Theoretical framework
The following model assumes three sectors: cocoa production, maize production and timber extraction. The production function for each sector is assumed to be a single-valued continuous function with continuous first and second order partial derivatives, and also increasing and strictly concave.
The production functions for the cocoa, maize and timber sectors are defined respectively as Where C(t) is the output of cocoa in each time period, t, L (t) is the total land input use in cocoa c production, measured in hectares and X (t) represent other inputs' use in cocoa production. M(t) c is the output of maize in number of bags in each time period, t, L (t) is the total land input use m in maize production and X (t) represents other inputs' use in maize production. The production m of timber, H(t), is assumed to depend on the stock of forest land, in each time, F(t), and other inputs used in timber extraction, X (t).
h The net benefits from cocoa, maize and timber production, in each time t, are defined respectively by the difference between the total revenue and the total cost:
where P (t), i=c, m, h is the per unit output price for each respective sector, and W (t), i=c, m, i i h is the per unit input price. The output and input prices are assumed to be exogenously
determined.
The net benefits in each of the three sectors are the incentives to use more of the stock of forest land. As the net benefits increase, either through output price increasing and/or input price falling, it becomes more profitable to use more of the stock of forest land for the three activities.
One important observation can be made from these simplified net benefit functions for the three sectors. The cost of the stock forest land, either in terms of conversion to cocoa or maize land, or exploited for timber is not considered in the output decisions of the three sectors. This is because the market is not able to capture these costs due to market and policy failures. Later, we introduce these costs through 'shadow prices' for converted and existing forested land. It may be argued that in some cases a cocoa or maize farmer may make some payments to the owner of the land in the form of either crop or cash. But it must be noted that these payments are not payments for the stock of forest land converted to agricultural land but for the right to farm the land. Where the land belongs to the farmer, such payments are not accounted for in markets. In general, therefore, there is no market price for land as such, and any existing price is not an adequate reflection of the costs of this input.
It is further assumed that the stock of forest land provides other environmental benefits, B(F(t)), apart from its use for timber production. These include maintaining local climates, watershed protection, non-timber products and the preservation of natural habitats:
However, the total stock of forest land, F, is not static but is linked to agricultural land expansion and timber production. Changes or increase in land under cocoa production and maize production are due to the conversion of forest land to cocoa land, R (t) and to maize land, c R (t), respectively:
Equations (8) and (9), imply that changes in the stock of forest land over time are a result of the conversion of the stock of forest land to cocoa land (R ) and maize land (R ). Such conversion of c m forest land is assumed to be irreversible.
It is also assumed that timber extraction leads to a fixed amount of stock of forest land loss, given by a timber-related conversion factor, ". However, forest land extracted for timber can be regenerated by an amount given by k. Therefore extraction of timber in any time t leads to the stock of forest land changing by -(k-" )H(F(t), X (t)). The change in the stock forest land, , or h the amount of deforestation, D, is defined by
where; A ' present value of net benefits;
From this point onwards notation is simplified by omitting the argument of time-dependent variables and partial derivatives 1 are represented by subscripts.
Maximisation problem
Given these assumptions, the objective of the society is to maximise the stream of net benefits (4)- (7) from the uses of the stock of forest land, subject to (8), (9) 
Optimality conditions
The current value Hamiltonian for the above optimal control problem is 1 where 8, is the costate variable or shadow price of the forest, and R and µ, are also the costate variable for forest land converted to cocoa and maize land respectively. The current value Hamiltonian (17) can be interpreted as the total increase in the value of the stock of forest land.
The group in the first term,
] is the flow of net returns at instant t. The second term, Assuming an interior solution, the first order conditions for maximizing (17) are equations (8), (9) and (10) plus Equations (18) and (19) indicate that, at any point along the optimal path, the value of marginal products of inputs used in cocoa and maize productions are equal to their respective input prices. However, equation (20) is a little bit different. For timber, on the optimal path, the sum of the It can be inferred from (20) that
Equation (20N) has an interesting interpretation: on the optimal path, the shadow price of forest land, 8, must equal the ratio of the net marginal returns of timber operation to net timber-related deforestation. Alternatively, the cost of the net timber-related deforestation,
equal the net marginal returns to timber operations,
Equations (21) and (22) govern the optimal state of the stock of forest land conversion to cocoa and maize. In each case the marginal value of the stock forest land converted, R and µ, should be equal to the cost or 'shadow price' of forest land, 8.
Equation (23) indicates that the stock of forest land should be employed in timber production and other environmental purposes up to the point where the benefits are equal to its social cost. The left-hand side of the equation represents the benefits. It has three parts: the direct value of the stock of forest in terms of environmental benefits, B (F), the value of the stock of forest land as Similarly, equation (24) implies that the land under cocoa production, which is the stock of forest land converted into cocoa land, should be employed up to the point where benefits from the converted forest land are equal to its social cost. The left-hand side of the equation is the benefits. It includes the value of the marginal product of the converted stock of forest, and a capital gains term, . The right-hand side is similar to equation (23). It measures the cost of employing the services of per unit stock forest land, *R.
Equation (25) also indicates that the stock of forest land should be converted to maize land for maize production up to the point where the benefits also equal to its social costs. The left-hand side are the benefits which include the value of the marginal product of converted forest land, and a capital gains term, . The right-hand side also measures the cost of employing the services of per unit stock forest land as maize land, *µ.
Finally, equations (26) to (28) are the transversality conditions.
From equations (21) and (22) 
which implies that, along the optimal path, the shadow price of forest land must be equal across all uses. The implication is that the forest land has the same opportunity cost in any use to which it is part. It follows also from equation (29) that the following equation holds.
Combining equations (29), (30), (23), (24), and (25), we have Equation (31) indicates that along the optimal path, the stock of forest land should be allocated up to the point where the marginal returns are equal across all uses -forest land, cocoa land and maize land.
Specification of the demand for the stock of forest land equations
Equation (31) is similar to a result obtained by Barbier and Burgess (1997) . Following the latter's approach, a useful interpretation of (31) is that the opportunity cost, or 'price' of using the stock of forest land for one land use is the forgone benefits of other uses. Thus each land use has a 'price', which can be denoted by V (t), i = h, c, m. Through utilizing V(t) for each land use in (31), and substituting for 8, we obtain
In equation (32) the opportunity cost or 'price' of maintaining an additional stock of forest land for environmental benefits plus timber production is forgoing other marginal benefits from converting the stock of forest land to either cocoa land or maize land. As this 'price', V (t), h increases (which means it will be more beneficial to convert to either of these two uses than maintaining it), less and less stock of forest land is maintained. This implies that there is a negative relationship between this opportunity and maintaining more stock of forest land. In (33), the opportunity cost or 'price' of converting an additional stock of forest land to cocoa land is, either the forgone benefits from maintaining the given stock of forest land or conversion to maize
land. Similarly, as this 'price',V (t), increases the quantity demanded for cocoa land converted c from the stock of forest land falls. In the same vein, in equation (34), the opportunity cost or 'price' of converting an additional stock of forest land to maize land, is the forgone benefit from either maintaining the given forest stock or converting it to cocoa land. As this 'price',V (t) m increases, less stock of forest land will be converted to maize land (Barbier and Burgess, 1997) .
These three equations (32 -34) therefore form the optimal demand for the stock of forest land for timber production, for cocoa land and maize land. However, some of the key arguments of the equations are endogenous. For example, from (18) to (20) It follows that 8(t) = MA(t)/MF is a function of X and F, and in turn, from (20) the latter are both h a function of P and W respectively (see also equation (20) ). is determined by the following reduced form system of equations, which are determined by the price parameters of the model.
The final equation in our system is equation (10) determining an optimal forest loss or deforestation. Using discrete notation , we write this equation as
In this section, we have developed a dynamic model of forest land use in Ghana, and have used this model to derive demand equations for optimal timber harvesting, cocoa land and maize land that are a function of the price parameters of the model (equations (36) to (38)). As deforestation in the model is a function of the change in land use and timber production, equation (39) will also by definition be a function of the price parameters of the model. In the next section, we attempt to estimate the reduced form demand equations (36) to (38) and deforestation equation (39), and use them to explain the influence of the structural adjustment on these relationships.
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Some of these studies include Angelsen et al (1996) ; Barbier and Burgess (1995 and Burgess (1993) ; Capistrano 2 (1994); Holden (1996) ; Reis and Margulis (1991); Sankhayan (1996) and Southgate et al (1991) . 
Estimation procedure and discussion of empirical analysis
The hypothesized relationship between deforestation in Ghana and it's proximate and underlying causes is examined through estimating for the 1965-95 period a modified form of equations (36) - (39) derived from the theoretical model. The equations, as with any other demand functions, and also inferred from the literature, are also affected by income (per capita GDP, Y ) and the p population (population density, popd) . The possible influence of structural adjustment on these 2 relationships is analysed through employing a piecewise regression to distinguish the influences of the post from the pre-adjustment period.
Secondary data, collected mainly, from the Ministry of Agriculture, the Forestry Department of Ghana and the Food and Agriculture Organization (FAO) were used in the estimations (refer Appendix 1 for the definitions and data sources of each of the variables).
The equations to be estimated from section three for timber production, cocoa land, maize land and forest loss respectively are stated as follows;
Where, L is the demand for cocoa land measured by total hectares of land under cocoa c t production in time t; L is also the demand for maize land measured by the total hectares of land m t under maize production in time t; and H is the demand for the stock of forest land for timber t production measured by total production of industrial roundwood in time t; F is the total closed t forest area, measured in square kilometres (km ); is the current year's average price of 2 industrial roundwood; is the current year's producer price of cocoa; is the price of a 100 kg bag of maize lagged one year. Current years' prices are used for timber and cocoa, because timber prices are based on current years' contracted price and, cocoa prices are government determined. However, for maize, farmers do not know how much they would receive for their produce, since the eventual price depends on how much is produced in the current year. Therefore, decisions on maize land in the current year depend more on what prices were in the previous year. W , is the cost of logging, W , is the price of insecticides and W , is the price of h c m ammonium sulphate. These input prices are used, because they are either the most important inputs, or are a good representation of all other inputs in each of the sectors. The population
DS ' dummy for the structural adjustment period; DS '7
D1 ' dummy for 1968.
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The assumption under a piecewise linear model is that the true model is continuous, with a structural break. In this study, Equations (40) - (43) forms a recursive system and so Ordinary Least Squares (OLS) is a reasonable procedure for the time series analysis.
The first step in the estimation procedure was to determine whether there is any significant difference in the functional forms (linear and log-log) of the estimated equations. This was done by the use of the Mackinon, White and Davidson (MWD) test (Gujarati, 1995) .
The next step was to determine whether the piecewise regression allowing for the influence of structural adjustment is preferred to the continuous regression of the entire 1965-95 period. First, the data were separated into pre (1965-82) and post-adjustment (1983-95) periods. Estimations were done for the two separate periods and a Chow test was used to determine whether there is any significant difference in the regressors of the two periods. Where the results showed a significant difference, a SAP dummy variable (DS) was included in the model for the estimation of the piecewise regression .
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The MWD test show that, the linear functional form was preferred to the log-log functional form in all the four equations. Moreover, the piecewise regression was preferred in the forest loss, cocoa land and maize land equations but not for the timber production equation. The following discusses each of the estimated equations, starting with forest loss (43), then cocoa land (41), maize land (42) and finally timber production (40).
Forest loss results
A Chow test performed on equation (43) confirmed a significant difference between the pre and post adjustment period. The following linear piecewise was therefore estimated for forest loss in Ghana.
D1 is a dummy to capture the increase in total forest area in 1968, due to the re-demarcation of more forest lands as reserve forests.
The estimated results, and the computed marginal values and elasticities of the pre and postadjustment period are presented in Table 1 . The change in maize land (L -L ) variable was m m t t-1 dropped because it was not statistically significant and did not have the right sign. Its inclusion also did not improve upon the significance of the whole model.
The dummy variable for 1968, D1 is negative and very significant as expected. This indicates that the re-demarcation of new forest reserves led to increased total closed forest area and helped reduce the total amount of forest loss.
In the pre-adjustment period there was a positive relationship between the change in harvested cocoa land expansion and forest loss. A 1000 ha increase in change in cocoa land led to about 0.95 km increases in closed forest area loss. Total timber production also led to an increase in 2 forest loss. A 1000 CUM increase in total industrial roundwood production led to about 0.2 km 2 increases in closed forest area loss. The hypothesis that cocoa land expansion and timber production are important proximate factors in forest loss in Ghana is supported by the model in the pre-adjustment period.
There is a significant difference in the impacts of forest loss due to a change in cocoa land in the pre and post-adjustment period. Table 1 shows that in the post-adjustment period, cocoa land expansion reduces the rate of forest loss. A 1000 ha increase in harvested cocoa land expansion leads to a reduction in forest loss by 0.35 km . The elasticity shows that a one percent increase 2 in cocoa land expansion leads to the rate of forest loss or the rate of deforestation falling by about 0.2%. There is however, not much significant difference between the impact of industrial roundwood production in the pre and post-adjustment period. Even though the estimated marginal value is negative, with the elasticity portraying that a one percent increase in industrial roundwood leads to about 2.4% fall in the rate forest loss or the rate of deforestation, the postadjustment dummy coefficient ($ ) is not very significant. It can therefore, be stated that timber 54 production still has a negative impact on the forest in Ghana. However, to some extent, this impact has reduced as shown by the near significance of the post-adjustment dummy coefficient.
These results support the hypothesis that, in the post-adjustment period timber production but not cocoa land expansion, is an important proximate factor determining forest loss in Ghana. Policies with respect to cocoa in the adjustment period may have helped reduce the impact of cocoa land expansion on forest loss. It is also possible that the negative influence of cocoa land expansion on forest loss in the post-adjustment period may be explained by the increased rehabilitation of old cocoa lands which were destroyed in the 1982/83 bushfires. However, timber related policies have not had a very significant impact in reducing the impact of timber production on deforestation.
One factor explaining this regression result is that industrial roundwood production might have captured much of the effects of changes in both cocoa and maize land on deforestation. It has been noted that logging increases the expansion of agricultural activity in the tropical forest area by providing access to previously inaccessible areas. Amelung and Diehl, (1992) stated that more than 70% of the primary forest areas brought under cultivation are first degraded by commercial 13 No. of observations = 30 Note: The dependent variable is positive, therefore a positive coefficient means increasing levels of the explanatory variable leads to increasing levels of forest loss whereas a negative coefficient means increasing levels of the explanatory variable leads to falling levels of forest loss. Elasticities were calculated by using average means in the respective periods. 1 **Statistically significant at 5% level *Statistically significant at 10% level logging. Furthermore, according to the FAO, deforestation rates due to agricultural conversion are eight times greater in logged-over forests than undisturbed forests (Sun, 1995) . Barbier (1994) also reports that in many African countries, around half of the area that is initially logged is subsequently deforested, while there is little if any deforestation of previously unlogged forest lands.
The second explanation is that cocoa and especially maize farmers may be shifting production from existing land to either new forest land or fallow land, or to old cocoa farms in the case of maize. Thus when the total harvested area of cocoa or maize land is estimated, it might appear to be constant, but the proportion of the total harvested land from forest area, may be higher or lower. The fact is that it is difficult to estimate how much of the newly harvested area in each period is from converted forest land.
To summarize, the regression results do not support the hypothesis that expansion in maize land is a significant proximate cause of forest loss, either in the pre or post-adjustment period. Cocoa land expansion was a significant proximate cause in the pre but not in the post-adjustment period. However, industrial roundwood production is a significant proximate factor in both periods, though less so in the post-adjustment period. The next step in the analysis is to look at how output and input prices in the agricultural and forestry sectors during the pre and post-adjustment periods have influenced these proximate factors. The estimated results, and the computed marginal values and elasticities for the pre and postadjustment period are presented in Table 2 .
Other price variables' P , P , W , W , and the population density (popd), were not significant and m h m h therefore were dropped. The inference is that, from the point of view of the cocoa farmer maize production is not an alternative in land use decision making, and thus maize output and input prices (P and W ) are not relevant to the cocoa farmer. The insignificance of timber output and m m input prices was expected, as the cocoa farmer has no influence on the allocative decisions of the forest area for timber production. The insignificance of population density (popd) suggests that population changes have very little or no impact on cocoa land expansion.
The D2 variable represents a dummy for the period 1983-86, a period when there was a drastic fall in cocoa land as a result of major bushfires in 1982/83. This variable is negative and significant (Table 2) , attesting to the fact that bushfires had a significant effect on reduced cocoa land in the years immediately following the fires. Real per capita income (Y ) has a positive p influence on cocoa land. A one percent increase in real per capita income leads to 1.07% and 1.22% increase in harvested cocoa land in the pre and post-adjustment periods respectively ( Table  2 ).
The producer price of cocoa in the pre-adjustment period had a negative effect on cocoa land. A one percent increase in the producer price of cocoa led to a 0.22% fall in cocoa land (Table 2) . One possible explanation for this result is that because the government is fixing the producer price for cocoa, when farmers know that the price of cocoa is to be fixed at lower levels, farmers may not invest in rehabilitating existing cocoa farms but instead open up new areas for production. When the price of cocoa is fixed at high rates, it is worthwhile for farmers to rehabilitate existing farms so less land is opened up. Because the producer price of cocoa was consistently low in the pre-adjustment period, and given farmers' expectations of further falling prices, at each price they tended to open up new lands rather then rehabilitate existing farms. This was in order to both reduce the cost of production and maintain some level of income. The post-adjustment period also shows a negative relationship between cocoa price and cocoa land expansion, although this outcome must be treated with caution because the post-adjustment period price dummy ($ ) is not highly significant. With the consistent increases in the producer 52 price of cocoa during the post-adjustment period, farmers further expect higher prices and therefore may have had some incentive to rehabilitate and invest in existing farms rather than open up new lands. The conclusion is that the post-adjustment period, has reduced the impact of the producer price of cocoa on cocoa land expansion through higher prices.
The regression results also show a significant positive relation between the price of insecticides and the demand for cocoa land in the pre-adjustment period (Table 2 ). This means that in that period, insecticide inputs were a substitute to cocoa land in cocoa production. A one percent increase in the price of insecticides led to about 0.15% increase in cocoa land. Although there was a high subsidy on insecticides in the pre-adjustment period, given the low producer price of cocoa, many cocoa farmers could not afford to buy the input. Moreover, insecticides were very scarce because of the lack of foreign exchange to import them. Therefore, the alternative to using more insecticides to increase productivity was to rely on new opened lands for production.
The impact of the price of insecticides on cocoa land changed significantly in the post-adjustment period. Insecticides and cocoa land now appear to be complements in cocoa production. A one percent increase in the price of insecticides leads to 0.022% fall in cocoa land. Given the increasing producer price of cocoa, farmers now have the incentive to rehabilitate existing farms. The use of insecticides becomes a significant factor in that effort and so is its price. Although all subsidies on inputs were removed in the post-adjustment period, because of expected increases in the producer price of cocoa, farmers found it relatively cheap to rehabilitate existing farms by using insecticides rather than opening up new lands. Moreover, the increased availability of the 
input has helped its more widespread use on cocoa farms.
The conclusion from the cocoa land analysis is that the adjustment period policies, through both the producer price of cocoa and the price (and availability) of insecticides has made it possible for farmers to invest in existing lands rather than opening up new lands.
Harvested maize land
The Chow test on equation (42) confirmed a significant difference between the pre and postadjustment period. The following linear piecewise equation was therefore estimated for the harvested maize land:
The estimated results, and the computed marginal values and elasticities for the pre and postadjustment period are presented in Table 3 .
Other price variables' P , P , W , W , and the real per capita GDP (Y ) were not significant and c h c h p therefore were dropped. As expected, cocoa prices are not relevant because it is not easy to convert maize land to cocoa land. This requires high capital investment to restore soil fertility depleted after maize farming which most farmers cannot afford. Moreover, the majority of trees which initially may be needed to support cocoa cropping would have been cleared under maize farming. The insignificance of timber output and input prices was also expected, as the maize farmer has no influence on the allocation decisions of the forest for timber production. The level of income also appears to have very little influence on the demand for maize land.
The D2 variable was initially included to test the hypothesis that, given the drastic fall in cocoa land in the 1983-86 period, farmers may have diverted to food crop production such as maize. However, as this variable was not significant, this hypothesis of a substitutional shift from cocoa production into maize farming was rejected.
As expected, the population density (popd) variable is positive and significant. A one percent increase in the population density will lead to about 1.2% increase in harvested maize land in both the pre and post-adjustment periods (Table 3 ). This suggests that population increases in Ghana lead to increasing demand for maize and therefore maize land. This is not surprising given the importance of maize as a food crop in Ghana.
The coefficient of the lagged real price of maize was positive but insignificant in the preadjustment period (Table 3 ), indicating that the price of maize was not an important factor in No. of observations = 30 **Statistically significant at 5% level *Statistically significant at 10% level maize farmers' demand for land during this period. This is expected, as the relatively low and stagnant guaranteed price paid to farmers in the pre-adjustment era offered little incentive for farmers to expand production. Moreover, the poor storage facilities and the government's inability to purchase all maize produce at the guaranteed price meant that any excess supply of maize was a cost to the farmer, who had to dispose of it at a relatively lower price in the open market. Maize prices therefore became irrelevant consideration in determining the area of maize cropping.
In the post-adjustment period the lagged real maize price variable was positive and significant, indicating that a one percent increase in the lagged price of maize led to about 0.23% increase in the demand for maize land in the current year (Table 3) . With the removal of guaranteed or controlled prices under the adjustment programme, the price of maize became more marketdetermined, and thus a significant consideration in maize land decision making in this era. As the lagged price of maize increases, farmers expect it to stay the same or even increase in the current year, and they therefore increase their demand for all inputs, including maize land, in order to increase production.
The price of ammonium sulphate had a positive and significant influence on maize land in the preadjustment period. A one percent increase in the price of ammonium sulphate led to about 0.26% increase in the demand for maize land (Table 3 ). This suggests that ammonium sulphate and maize land were substitute inputs in maize production. Given the relative low prices of maize, maize farmers could not afford to purchase other farm inputs like fertilizer and therefore tended to substitute land or converted forest land for fertilizer in production.
In the post-adjustment period, the impact of the price of ammonium sulphate on maize land was
significantly negative, suggesting complementarity between these two inputs in maize production. A one precent increase in the price of ammonium sulphate leads to about 0.05% fall in the demand for maize land. The high dependence of maize farmers on land for production is therefore expected to fall, given that the price of ammonium sulphate has increased in the post-adjustment period with the removal of subsidies on farm inputs, including ammonium sulphate. Even though input prices have increased, the increased availability of the fertilizer to farmers and the relative higher market determined output price of maize, as compared to the pre-adjustment period, has meant that maize farmers have had to rely on fertilizer use rather than land conversion for any increased maize production. The reduction in unreserved forest area in the post-adjustment period may have also decreased the availability of new land for maize production. Finally, although maize production in the post-adjustment period has increased, the consumption of fertilizer, including ammonium sulphate, has risen less than expected (ISSER, 1996) . The pressure on the forest from maize production is therefore still a potential threat.
Industrial roundwood production
The Chow test did not show any significant difference between the pre and post-adjustment period regressors for equation (40). This was confirmed by the insignificance of the relevant variable in the piecewise regression. Therefore, the following linear regression without the adjustment coefficient dummy best describes industrial roundwood production in Ghana between 1965-95:
The estimated coefficients and elasticities are presented in Table 4 . The ratio of the real average price of industrial roundwood exports and the real nominal logging cost timber per cubic metre (CUM), P /W were found to be more significant in explaining the timber model. Other price h h variables (for cocoa and maize) were also not significant in explaining timber production, as explained previously. Population density (popd) was also insignificant in explaining the demand for timber production in Ghana. The coefficient of the real per capita GDP (Y ) is positive and p significant. An increase in income leads to a large increase in the demand for industrial roundwood. If real per capita GDP increases by one percent, total industrial roundwood production increases by 1.6%.
The regression results show that relative price of outputs to inputs has a positive impact on timber production. A one percent increase in the relative price of timber leads to about a 0.16% increase in timber production (Table 4) . To summarize, this section has examined the influence of agricultural and timber prices on the demand for harvested maize and cocoa land and on wood production in Ghana, distinguishing where appropriate the pre-adjustment and post-adjustment periods. The impacts of agricultural land conversion and timber on forest loss in Ghana before and after the implementation of the SAP in 1983 were also examined. In the final stage of the analysis, we use the regression results to determine the impacts of price changes in the pre as opposed to the post-adjustment periods on deforestation in Ghana.
Price impacts on forest loss
Using the results from Tables 1-4 , elasticities are computed to examine the relative impacts of output and input prices of cocoa, maize and timber, on forest loss in the pre and post-adjustment periods (see Appendix 2 for procedure). The estimated price elasticities of forest loss are presented in Table 5 .
Output prices and forest loss: pre and post-adjustment
From Table 5 , in the pre-adjustment period, a 10% rise in the rate of change in the producer price of cocoa led to about 0.03% increase in forest loss, whilst the same level of an increase in the post-adjustment period leads to about 0.12% rise in forest loss. Thus, in Ghana, increasing cocoa prices lead to increasing rates of deforestation. However, because of the rapid rise in producer prices in the post-adjustment period, the rate of impact is greater in the post-adjustment period than the pre-adjustment period. These results suggest that policies that lead to increasing prices for cocoa in Ghana will tend to induce farmers to convert more forest to cocoa land. Although our earlier results from section 4 suggest that farmers have tended to invest in existing cocoa lands because of expectations of higher prices (Table 2) , the estimate of the change in cocoa price elasticity of forest loss indicates that there is still some cocoa price effect on forest loss. In response to rising cocoa prices, cocoa farmers are not fully shifting from the conversion of forests to investing in existing cocoa land.
With respect to timber, the relationship between its relative output-input prices in the pre and post-adjustment are not significantly different even though a 10% percent increase in the relative output-input price of industrial roundwood will lead to about a 2.3% and a 1.3% increase in the rate of forest loss in the pre and post-adjustment period respectively. This is because $ used for the post-adjustment period elasticity estimate is less significant (refer to 54 Table 1 ). However, the results show that policies that increase the relative returns to timber production in Ghana could be contributing to additional forest loss. Alternatively, greater 'rent capture' by the government through increased stumpage royalties may reduce timberrelated deforestation.
Input prices and forest loss: pre and post-adjustment
There is a negative relationship between the change in the price of insecticide used in cocoa production and forest loss in Ghana (Table 5) . However, there is a significant difference between the impact of the price of insecticides on the rate of forest loss in the pre and postadjustment period. A 10% increase in the change in the price of insecticides led to a 0.4% fall in the rate of forest loss, whilst the same level of increases in the change in the price of insecticides leads to about a 0.004% fall in the rate of forest loss. The relationship is strong in the pre-adjustment period because of the high level of subsidies. The post-adjustment period has reduced the extent of the relationship between the change in the price of insecticides and forest loss because of the removal of subsidies which raised the overall input price.
Comparing the estimates for the two periods one can conclude that if the price of insecticides continues to increase drastically over time, there may be a positive relationship between increasing insecticide prices and forest loss. The conclusion is that there should be a limit to which the price of insecticides should be increased to achieve both the objectives of the SAP and at the same time help reduce forest loss in Ghana.
Overall, relative timber output-input prices appear to have the greatest impact on forest loss in Ghana in both the pre and post-adjustment period. The adjustment policies have had little influence on the impact of timber prices on forest loss in Ghana. In contrast, the SAP has affected the influence of cocoa and insecticide prices. There is evidence to suggest that in the post-adjustment period high and rising cocoa prices are inducing farmers to convert forest land. Although rising insecticide prices may offset this effect their impact is relatively marginal in comparison.
Some conclusions and policy implications
This paper set out to investigate the impacts on forest loss of the Structural Adjustment Programme introduced in Ghana in 1983, directly through the proximate causes of agricultural land expansion and timber production and indirectly through output and input prices for cocoa, maize and timber. A piecewise linear estimation procedure which separated the pre from the post-adjustment period influences was used to estimate a recursive model consisting of forest loss as well as cocoa land, maize land and timber production equations as a function of input and output prices developed from an optimal control problem.
The empirical results do not support the hypothesis that maize land expansion is a proximate cause of forest loss, either in the pre or the post adjustment period. Cocoa land expansion and timber extraction are significant factors, but their impacts on forest loss are reduced in the post-adjustment period. The inference is that the Structural Adjustment programme has significantly reduced the impacts of cocoa land expansion and to a lesser extent timber extraction on forest loss. Expansion in cocoa land in the post-adjustment period, led to a reduced rate of forest loss as compared to the pre-adjustment period. This is attributable to some increased investment in existing cocoa land, probably as a result of an increased producer price for cocoa, the availability of needed inputs, and other efforts aimed at rehabilitating existing cocoa farms.
The price impact analysis of forest loss indicates that the ratio of timber output-input price has a relatively higher impact on forest loss than cocoa output and input prices. However, an increase in the producer price of cocoa has a greater impact on forest loss in the postadjustment period than in the pre-adjustment period. A rising price for cocoa may therefore lead to increasing forest loss in the post-adjustment period. In comparison, an increasing trend in the price of insecticides reduces forest loss but the rate of reduction is far greater in the pre than in the post-adjustment period. The reason for this is the complete removal of subsidies in the latter period. There may be a limit to which the price of insecticides can be increased if it is to be a tool of reducing the rate of forest loss. Beyond this limit, any increases will lead to increasing rates of forest loss as farmers expand production by converting forest to cocoa land.
In conclusion, we have demonstrated that the cocoa and maize policies undertaken under the Structural Adjustment Programme since 1983 have influenced the demand for maize and cocoa land and thus forest land. Although we found little significant impact of the SAP on the timber sector and harvesting trends, we found that the relative returns to timber production have an important impact on the rate of deforestation in Ghana. 
P c
Real producer price of cocoa (national level, constant 1990 prices, '000 Cedis/tonne). Producer price of cocoa data from the Ghana Cocoa Board, Accra.
P m
Real average price of maize (national level, constant 1990 prices, '000 Cedis/100kg). Maize price data from PPMED, Accra.
P h
Real average price of exported industrial roundwood (constant 1990 prices, '000 Cedis/CUM). Average price of exported industrial roundwood data from FPIB and TEDB.
W c
Real price of insecticides (national level, '000 Cedis/litre). Price of insecticides data for 1965-81, derived from Stryker, J.D. (1990 ) , 1982 from ISSER, 1993 and 1996 .
W m
Real price of ammonium sulphate (national level, '000 cedis/litre). Price of ammonium sulphate data for 1965-81, derived from Stryker, J.D. (1990 ) , 1982 from ISSER, 1993 and 1996 .
W h
Real average logging costs (national level, '000 cedis/CUM). Data from FPIB and TEDB. Estimations done for 1991-95 using the annual national rate of inflation.
Y p
Real per capita GDP (national level, GDP in constant 1990 values/population). GDP and population (millions) data derived from the IMF's International Financial Statistics.
Popd
Population density (national level, population/total land area ('000 ha)). Total land area data from FAOSTAT database, FAO. Note: The consumer price index (CPI) for 1990 was used to estimate the real prices. if we assume that therefore using (3.1), (3.2) and (3.3) it implies that the change in cocoa price elasticity of forest loss (given 45) will be given by similarly the change in maize price elasticity of forest loss (given 43 and 46) will be given by and the change in cocoa input (insecticides) price elasticity of forest loss (given 44 and 45) will be given by and the change in maize input (ammonium sulphate) price elasticity of forest loss (given 43 and 46) will be given by and the change in relative timber output-input price elasticity of forest loss (given 44 and 47) will be given by
Where:
But given equation (44) it implies that (3.5) = (3.7) = 0.
Note: Each equation is modified to compute for the post-adjustment elasticities.
